The study provides information on the reproductive performance of ostriches maintained at different stocking rates and male:female (M:F) ratios under intensive commercial conditions in the Little Karoo, South Africa. Breeding ostriches are concentrated on relatively small areas and through trampling have a most significant impact on the vegetation in the Little Karoo. Reproductive performance, as influenced by stocking rate and M:F ratio, was investigated. Stocking rates for the large flocks ranged from 114 to 210 birds/ha, and stocking rates for smaller flocks ranged between 9 to 13 birds in 0.13 ha and 0.30 ha camps, respectively. The different M:F ratios investigated, were 1M:1F (pairs), 1M:2F (trios) and 1M:3F (quads), for breeding systems maintained in 0.06 ha camps. In almost all breeding systems total and average egg production, fertility and hatchability were compromised when stocking rate was increased. High stocking rates were detrimental to the reproductive performance and reproductive behaviour of the flocks. Increasing the number of females per male had no negative influence on the reproduction traits, with a significantly higher production observed for breeding quads. Our findings indicated that ostrich breeding flocks can be maintained at stocking rates higher than those presently used on commercial ostrich farms. Breeding pairs, trios and quads can also be maintained on smaller areas, with acceptable production levels. Increasing stocking densities will have a possible inhibitory effect on the establishment of territories and use of space, thereby impacting on the reproductive behaviour of ostrich females and males in large flocks, respectively. This has important implications in terms of the intensification of ostrich farming especially in areas that are characterised by vegetation that is exposed to the trampling effect of ostriches.
Introduction
Ostriches are the main farming enterprise in the Little Karoo region of South Africa and used to occur naturally in areas of the Little Karoo that are used mainly for agricultural purposes today. At present almost 65% of the South African ostrich breeding population is found in the Little Karoo region (Van Zyl, 2001 ). On commercial ostrich farms where the entire or part of the production cycle, i.e. breeding birds, artificial incubation and raising of chicks and slaughter birds is represented, ostriches can be concentrated on relatively small areas (South African Ostrich Business Chamber, 2003) . The natural vegetation in the Little Karoo is of low nutritional quality and natural veld areas are most often used only as holding areas for breeding flocks, which are then fed commercial breeder diets. This practice differs from those employed by other livestock farming systems, e.g. sheep and beef cattle, where the natural veld areas serve as the main food source.
The maintenance of breeding ostriches in large flocks is a well-known practice in South Africa and Israel. In these countries breeding flocks can range in size from 50-100 birds and 150-200 birds, respectively (Deeming & Bubier, 1999) . Flocks are usually maintained in camps several hectares in size, with no clear guidelines on the optimal stocking rate for ostriches under free-range conditions. The male:female ratio (M:F) in South African breeding flocks is 5-6 males for every 10 females, which is similar to the 1M:2F ratio in Israel (Deeming & Bubier, 1999) . Guidelines of the South African Ostrich Business Production data were obtained from an ostrich breeding flock of 4500 birds during two consecutive breeding seasons. The breeding colony was maintained as a single breeding operation near Ladismith, South Africa. The breeding colony consisted of birds maintained permanently on the farm and breeding birds translocated from another commercial breeding farm in the North-Western Province of South Africa. These birds were translocated to the Ladismith breeding farm approximately two months before the onset of the 2000/2001 breeding season.
During the 2000/2001 breeding season breeding birds maintained permanently on the Ladismith farm were allocated only to large breeding units, and the imported breeding birds were allocated to both large and small breeding units. The breeding birds were combined in July 2000 for a 7-month breeding season. At the end of August 2000, 40 females and 20 males were removed from each of four 210-bird flocks to establish two 120-bird and four 150-bird flocks. As a result of the shorter breeding season for the 120-bird and 150-bird flocks, only the reproduction data recorded for all the breeding systems during the last five months of the 2000/2001 breeding period were considered in the analysis.
Based on the results of the 210-bird flocks during the 2000/2001 breeding season, three breeding systems, i.e. 114-bird, 130-bird and 141-bird flocks were established in the second year of the study. The breeding quads and 210-birds flocks did not form part of the experimental groups in the 2001/2002 breeding season. Due to the allocation of a higher number of birds to large breeding flocks (results not presented here) that were maintained in approximately 40 to70 ha camps, only 114 and 141 birds were allocated to the 120-bird and 150-bird breeding systems, respectively. The breeding birds were combined in July 2001 for a 7-month breeding period and results presented here represent data recorded for the entire 7-month breeding period. During both breeding seasons, the breeding birds received a complete balanced breeder diet at 2.5 kg/bird/day and had free access to fresh, clean water.
Stocking rates and M:F ratios studied during the two consecutive breeding seasons are presented in Table 1 . Eggs were collected daily and identified by means of camp number and date of production. Production was recorded individually for each breeding system. After collection, eggs were cleaned by dry wiping and disinfected by fumigation (80 g potassium permanganate in 130 mL 40% formaldehyde solution/m 2 for 20 min; Smith et al., 1995) . All eggs not suitable for incubation were noted for each breeding system and removed from storage. Reasons for rejection included broken/cracked eggshells, chalky eggshells and loose air cells (i.e. where the air cell was damaged during transport to the incubation facilities).
Eggs were stored upright with the air cell in the uppermost position. They were stored for a maximum of 10 days at 17-18 °C and 75% relative humidity, and were turned once daily through an angle of 45°. Eggs were artificially incubated in Buckeye® electronic incubators for a period of 38 days and candled on day 14 to establish early embryonic deaths and fertility, and on day 38 to establish late embryonic deaths. After hatch, chicks were kept in the hatcher for 24 h to allow sufficient time for the navel to close before being dispatched to contract growers. The number of unhatched eggs and reasons for not hatching during incubation were recorded throughout the study. Definitions for reproduction traits are as follows:
Total egg production: total number of eggs produced per breeding system during the production period; Average EP/female: average number of eggs produced per female during the production period; Chicks (number): number of day-old chicks hatched; Fertility (%): [(Total eggs incubated -number of infertile eggs)/total eggs incubated] x 100; Hatchability (%): [(Total eggs incubated-total eggs rejected during incubation)/total eggs incubated] x 100.
The influence of stocking rate and male:female ratio was assessed by one-way analysis of variance procedures. In cases where trends were expected and where degrees of freedom for treatments exceeded one, the degrees of freedom for the number of birds were partitioned in orthogonal polynomials depicting linear tendencies. The LSMLMW computer programme (Harvey, 1990 ) was used for this purpose. When more than two means were compared, least significant differences were computed, providing that the comparisons were protected by a significant F-value in the ANOVA table (Snedecor & Cochran, 1967) . When only two means were compared, differences between means were tested for significance by using the t-test derived from the ANOVA table (Snedecor & Cochran, 1967) .
Results
The 210-bird flocks had on average a higher total egg production during the 2000/2001 breeding season than the 150-bird and 120-bird flocks (Table 2) . Although the F-value for treatment (flock size) in the analysis of variance table did not reach statistical significance (P = 0.13), there was a suggestion of a linear increase (P ≤ 0.05) in total egg production per camp with an increase in flock size. Fertility and hatchability declined (P ≤ 0.05) with an increase in stocking rate. Linear regression coefficients amounted to -0.062±0.020% per bird (R 2 = 0.987) for fertility and -0.106±0.028% per bird (R 2 = 0.963) for hatchability. Average egg production was independent of stocking rate. (Table 3) . Average egg production declined (P ≤ 0.01) by 0.441±0.007 eggs per bird as flock size increased (R 2 = 0.94). Fertility and hatchability did not differ between the respective treatments (P = 0.13 and P = 0.29). However, when the degrees of freedom were partitioned in orthogonal polynomials, a linear regression amounting to -0.148±0.070% per breeding bird was observed for fertility (P ≤ 0.05; R 2 = 0.99). Hatchability similarly tended to decline (-0.087±0.054%, P = 0.10; R 2 = 0.99) with an increase in stocking rate. Under a constant male to female ratio of 1:2, fertility was improved by 9.5% for the 9-bird flocks maintained in the 0.13 ha camps, compared to the 9-bird flocks maintained in 0.30 ha camps (Table 4) . A similar tendency was observed for hatchability, which was 6.0% higher for the 9-bird flocks maintained in the smaller 0.13 ha camps. Nine-bird flocks maintained in 0.13 ha camps produced on average 23.5 more chicks (P ≤ 0.05) than the 9-bird flocks maintained in the larger 0.30 ha camps.
Average egg production per female was 68% higher (P ≤ 0.01) for breeding trios, when compared to the 9-bird flocks (Table 5) . However, fertility and hatchability of eggs produced by 9-birds flocks were significantly improved by 19.6% and 29.0%, respectively (Table 5) female is compared on a per trio basis, i.e. the 9-bird flock can be considered equivalent to two breeding trios, the 9-bird flocks produced on average 15.8% more eggs on a per trio basis than the breeding trios. As can be expected, total egg and chick production increased (P ≤ 0.01) linearly with an increase in the number of females per breeding system (Table 6 ). Average egg production per female and fertility of eggs produced, however, did not differ between the different treatments. Hatchability was higher (P ≤ 0.05) for eggs produced by the breeding quads (Table 6) . Table 6 The influence of male:female ratio on the reproduction traits (mean ± s. Although maintained in slightly larger camps (0.30 vs. 0.35 ha) and at a higher stocking rate, the 13-bird flocks performed on average better in terms of all reproduction traits compared to the 9-bird flocks (Table 7) . Total egg production was increased (P ≤ 0.01) for the 13-bird flocks. A similar tendency (P ≤ 0.007) was observed for average egg production per female. Thirteen-bird flocks produced on average 233.72±8.56 eggs in total and 21.65±0.90 eggs/female, compared to 129.76±8.56 eggs and 18.0±0.90
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eggs/female for the 9-bird flocks. Fertility and hatchability were also improved in the 13-bird flocks (P ≤ 0.01 and P ≤ 0.008, respectively, Table 7 ). 
Discussion
Large flocks: During the 2000/2001 breeding season, egg production was higher for the 210-bird/ha stocking rate, with egg production tending to increase linearly as the stocking rate was increased. This increase in egg production amounted to 11.9±5.4 eggs per female, and accounted for 99.6% of the variation associated with treatments. The same tendency was observed for the number of chicks hatched, with an increase of 3.11±1.86 chicks hatched per breeding bird. Fertility and hatchability, however, decreased significantly as stocking rate increased. The respective stocking rates did not influence average egg production. During the 2001/2002 breeding season, however, egg production was compromised when stocking rate was increased. Total egg production decreased in the 130-bird and 141-bird flocks, compared to the 114-bird flocks maintained in the 1 ha camps. Average egg production decreased by 0.44±0.007 eggs per bird as stocking rate was increased. Fertility was lower and hatchability tended to decrease for the higher stocking rates.
The contradictory results obtained during the two breeding seasons can be explained by the translocation of a proportion of the breeding population to a new breeding environment two months before the onset of breeding during the 2000/2001 breeding season. These newly imported birds were allocated to a number of the 210-bird flocks. These breeding birds might not have had sufficient time to adapt to their new environment. Translocation to a new and unfamiliar environment results in disorientation and the consequent manifestation of abnormal behavioural patterns (Lambrechts et al., 1998) . Results from this study suggest that the respective flocks were still acclimatizing to the new breeding environment that differed in terms of vegetation, climate and management. With the onset of breeding during the 2001/2002 breeding season the imported birds had sufficient time to acclimatize and this was reflected in the production figures of the flock at the lower 114 birds/ha stocking rates.
The tendency for fertility and hatchability to be negatively influenced in the larger flocks during both breeding years supports the reasoning that too high a stocking rate adversely affects the reproductive performance of ostriches. It is possible that corticosterone levels were higher in females maintained at the higher stocking rates than at lower stocking rates, and this might have had a negative influence on ovulation and subsequent oviposition. Corticosterone levels were found to be higher in laying hens housed at higher than at lower densities (Mashaly et al., 1984) . Abnormal doses of corticosteroids resulted in premature LH release and irregular laying patterns in laying hens (Gilbert, 1971) . The high stocking densities also may have had a negative influence on the normal reproductive behaviour of the ostrich males, i.e. overtly aggressive ostrich males might have prevented other less dominant males from mating successfully with females. Courtship and mating behaviour of ostriches have been well-documented (Bolwig, 1973; Stewart, 1994; Berendsen, 1995; Hicks-Aldredge, 1996; Deeming, 1997; Bubier et al., 1998) . Any change in the immediate environment could disrupt normal reproductive behaviour (Lambrechts et al., 1998b) . The borders of male territories seldom overlap (Sauer & Sauer, 1966; McKeegan & Deeming, 1997) the laying activity of females in these flocks. Wechsler & Schmid (1998) found that aggressive interactions were significantly increased in multiple-male groups of Japanese quail (Coturnix japonica). The abnormal behaviour patterns observed at the higher stocking rates agree with findings in poultry where high stocking rates had a negative influence on the reproduction performance and well-being of laying hens (Hughes & Wood-Gush, 1977; Blokhuis & Wiepkema, 1998; Sherwin & Kelland, 1998; Martrenchar et al., 1999; Savory et al., 1999; Bilcik & Keeling, 2000; Klein et al., 2000) . The high stocking rates of 150 birds, 141 birds and 210 birds/ha also contributed to an increased incidence of homosexual behaviour and feather pecking, both during the breeding and the non-breeding periods.
Small flocks:
In contrast to the influence of too high a stocking rate on the production of the large flocks, the 9-bird flocks maintained in the smaller 0.13 ha camps outperformed the 9-bird flocks in the larger 0.30 ha camps in terms of almost all production parameters. Total eggs produced tended to be improved, and average egg production per female was improved for 9-bird flocks maintained in the smaller 0.13 ha camps. Fertility, hatchability, and consequent chick production of the 9-bird flocks in the 0.13 ha camps was similarly improved. A possible explanation for this improvement in the respective production traits is the increased frequency of encounters between males and females in the smaller camps than in the larger 0.3 ha camps. The smaller camp size of 0.13 ha did not appear to influence reproductive behaviour of the birds. It would appear that the establishment of clear territories was not inhibited during the study period. The smaller 0.13 ha camps might actually have contributed to females visiting different territories more frequently than in the larger 0.30 ha camps, and this possibly resulted in a higher frequency of sexual encounters, which in turn could have contributed to the higher production performance of the 9-bird flocks in the smaller 0.13 ha camps than in the larger camps.
When the production of breeding trios and 9-bird flocks in 0.13 ha camps is considered, the 9-bird flocks performed on average better for all reproduction traits with the exception of average egg production per female. The improvement in almost all the reproduction traits in the 9-bird flocks can be ascribed to the higher number of females and males present in this breeding system when compared to the trios. Average egg production, however, was compromised for the higher stocking density of nine birds per 0.13 ha. The improved fertility and hatchability for the 9-bird flocks maintained in 0.13 ha camps can be ascribed to the stimulating effect of more than one male in this breeding system. Females had the opportunity to visit more than one male's territory and this possibly contributed to more frequent sexual encounters and the higher fertility and hatchability recorded for the 9-bird flocks.
When production of the smaller 9-bird and 13-bird flocks is compared, the 13-bird flocks performed significantly better than the 9-bird flocks in terms of all reproduction traits, i.e. total egg production, average egg production per female, number of chicks hatched, fertility and hatchability. When the two breeding systems are compared on an area/bird basis, it becomes evident that reproductive performance is not only stocking rate dependent. The higher density in the 0.35 ha camps (269.2 m 2 /bird vs. 333.3 m 2 /bird), possibly had the effect that sexual encounters between the males and females were more frequent, which in turn contributed to the improved fertility and hatchability. It is difficult; however, to reach a conclusion with regard to the improved production of the 13-bird flocks, for the slight increase in camp size might also have had a positive influence on the production performance of the 13-bird flocks.
Increasing the number of females per male in the 0.06 ha camps had the effect that egg production increased linearly with 29.1±2.3 eggs per camp, with a corresponding linear increase of 24.2±2.0 chicks per camp. Average egg production per female, however, was not similarly affected. Fertility and hatchability were significantly improved for the breeding quads. An important observation was that neither fertility nor hatchability was compromised when the number of females was increased. A possible explanation for this is that the breeding quads are similar to a breeding harem that is usually established by males during a breeding season. Ostriches are gregarious by nature and the stimulus of an increase in the number of individuals in the respective breeding systems is reflected in the improvement in almost all the reproduction traits of the breeding quads in the study. Deeming (1996) found that breeding pairs and trios were more productive than larger flocks. Results obtained in this study support the findings of Deeming. His study, however, did not include a comparison of breeding quads with the larger flocks. Based on the results in the study it can be assumed that breeding quads will be more productive on a per female basis than larger flocks. However, it has to be conceded that the number of replicates studied for the breeding quads was relatively small when compared to other studies (Craig et al., 1977; Bates et al., 1987; Deeming & Wadland, 2001 Our results are contradictory to results reported by More (1997) who found that the laying performance of breeding pairs tended to be better than that of both trios and a breeding flocks. However, although female age influenced egg production significantly, no mention was made of the composition of the respective breeding systems. The improvement in the fertility and hatchability for the breeding quads is contradictory to the decline in fertility reported when the number of females was increased in single-male groups of Japanese quail (Coturnix japonica) and commercial pheasants (Phasianus colchinus) (Bates et al., 1987; Wechsler & Schmid, 1998; Deeming & Wadland, 2002) . Single-male groups containing 8, 12, 16 and 20 hens and had fertility percentages of 92%, 84%, 77% and 69%, respectively (Wechsler & Schmid, 1998) . Increasing the number of females from 1M:12F to 1M:18F in pheasants increased egg production with a subsequent decrease in fertility. Campo & Davilla (2002) investigated the influence of four different mating ratios on stress and fearfulness indicators in chickens. Their results suggested that too high mating ratios increased physiological and psychological stress responses. Deeming & Wadland (2002) investigated the effect of two mating ratios, i.e. 1M:8F and 1M:12F, in commercial pheasant flocks. Flocks with a mating ratio of 1M:8F produced significantly more eggs, and fertility and hatchability were improved significantly. The higher M:F ratio of the breeding quads therefore indicates that ostrich males can successfully keep and service a harem consisting of at least three females. Higher M:F ratios, however, were not investigated in our study. In the wild, the harem of an ostrich male usually consists of 3-5 females (Deeming & Bubier, 1999) .
Factors such as age and subspecies might also influence the reproductive performance of ostriches under intensive breeding conditions. These details were not available for the breeding population, given the commercial nature of the farming operation. The breeding birds were acquired from sources that kept no records of either the origin or age of the breeding birds. The breeding population also consisted of ostriches that originated mostly from Zimbabwe and throughout South Africa, but no record was kept on the exact origin and the extent of in-and crossbreeding. It is therefore possible that an unbalanced composition of some of the breeding systems could have contributed to the variation observed in this study. The results also represent the production of a single commercial operation in the Little Karoo region of South Africa. This must be kept in mind when considering the results, because the production performance of ostriches under intensive commercial conditions may be influenced by location, age, subspecies and/or management.
Conclusion
Results indicated that a "trade-off" in performance was observed for different aspects of reproduction, i.e. when average egg production per female was improved, fertility and hatchability were compromised. The 114-breeding flocks performed the best in 1 ha (10 000 m 2 ) breeding camps, in terms of all the reproduction traits. Increasing the stocking rate in smaller 0.13 ha (1250 m 2 ) breeding camps had the effect that although average egg production/female was lower, fertility and hatchability were improved, possibly as a result of more frequent sexual interactions of males and females. Breeding pairs, trios and quads could be maintained with acceptable production levels on smaller areas than are normally prescribed. Although the number of quads in the study was relatively small, it indicates that harem size under intensive conditions may be as high as three females per male, which supports the polygamous nature of ostrich males.
Our findings indicate that breeding ostriches could be maintained at stocking rates higher than what is currently recommended for intensive commercial ostrich breeding enterprises. This has important implications in terms of the intensification of ostrich farming, especially in areas that are characterised by vegetation that is exposed to the trampling effect of ostriches. However, too high stocking rates may have a negative influence on normal reproductive behaviour, and thereby may not be beneficial for reproduction as well as the well-being of ostriches under intensive farming conditions.
